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 ２ 既往研究 
? ?????????????????????????
?????????????????????????










  ａ 水田水域以外における移動研究 














? Gerking?1959??? Home range is the area over which an 
animal normally travels??Hayne, 1949?.????????
Hayne ?????Burt?1943?????????????
?????in search of food.?????????????
????? 
? Gerking? ?1959???Newman?1956?? Funk?1957??
Bardach?1958??Miller?1957??Williams?1957??????
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????????????? Rhinogobius sp.(the orange 
form)????????????? 2001???????













































































































































































































































? ???????????????2002 ? 5?6 ???
????????????????? 140??????




















? ? ｂ 解析対象データの概要 
? ????????????????????????


































???? 7 ???????? 99.8%???????? 6
???????? 0.2%?????????? 
? ????????????????????????

















? ????????????????? Katano et al.?
?2003???????????????????????





















???????????? Katano et al.?2003??????

























Table 1? ??????????????????2002? 7??2004? 6?? 





????? Lethenteron reissneri 8 2 336 (4.8) 211 (1.8) 547 (2.9)
???? Zaccoplatypus 1 1 4 (0.1) 3 (0.0) 7 (0.0)
??? Tribolodonhakonensis 1 1 5 (0.1) 0 (0.0) 5 (0.0)
???? Gnathopogon elongatus elongatus 44 7 262 (3.7) 542 (4.7) 804 (4.3)
??? Pseudorasboraparva 6 3 12 (0.2) 11 (0.2) 23 (0.2)
???? Carassius auratus langsdorfii 21 5 105 (1.5) 77 (0.7) 182 (1.0)
????? Tanakia lanceolata 1 1 0 (0.0) 1 (0.0) 1 (0.0)
???? Misgurnus anguillicaudatus 114 13 6 105 (86.4) 7 591 (65.9) 13 696 (73.7)
??????? Lefua echigonia 39 10 151 (2.1) 614 (5.3) 765 (4.1)
??? Oryzias latipes 16 3 0 (0.0) 2 409 (20.9) 2 409 (13.0)
?? Mugil cephalus cephalus 2 1 1 (0.0) 1 (0.0) 2 (0.0)
?????? Micropterus salmoides 1 1 3 (0.0) 0 (0.0) 3 (0.0)
??????? Rhinogobius sp.OR 21 4 76 (1.1) 55 (0.5) 131 (0.8)
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????????????????????????
1996?? 
? ?????a1x1+a2x2+???+apxp (1) 












???????? EXCEL ????? Ver.5.0?????
????? 
 
 ４ TWINSPAN および多次元尺度法?
  ａ TWINSPAN 
? TWINSPAN?two-way indicator species analysis?Hill,1979?
?????????????????????????
?????????????????????????














? ???????????? 122???? 1?????
1 ????????????????????????





PC-ORD Ver4.20 (MJM Software Design)????? 











? ???????????????? TWINSPAN ??
?????????????????????????
?????????????????????????
????????????Table 2??????? A?? B
??????????(2)? DAB?????? 
? DAB=1-(NAB / NA) (2) 
? ????NA?? A???????NAB?? A?? B?
?????????????? 





???????????? SPSS Ver.15.0J????? 















Example of a presence-absence data set (case-A. Data sets like this 
are used for TWINSPAN. And data sets for Multidimensional 






































??1 0 0 0 1 0 1 0 1 1 1 0 0 0
??2 0 0 0 1 1 1 1 1 0 1 0 0 0
??5 0 1 1 1 1 1 0 1 1 1 1 0 1
??7 0 0 0 0 0 0 0 1 0 0 0 0 0
??12 0 0 0 1 1 0 0 1 0 0 0 0 0
??14 0 0 0 0 0 0 0 1 1 0 0 0 0
??16 0 0 0 0 0 0 0 1 1 0 0 0 0
??18 0 0 0 0 0 0 0 1 1 0 0 0 1
??20 0 0 0 1 0 1 0 1 1 0 0 1 0
??23 1 0 0 1 0 0 0 1 1 0 0 0 0
??24 0 0 0 0 0 0 0 1 1 0 0 0 1
??25 1 0 0 1 0 1 0 1 1 0 0 0 1





































  ａ 正準相関分析 
? case-A?????? Table 4?5????Table 4??
???????????????????? 2????









Table 3? ???????? ???? ?????????????????2005b???? ??? 
Locations, characteristics of Yatsu, morphological and physical environmental properties of main canals (retouched and modified from Koizumi 
et al. (2005b)) 
 





































??1 0 ? ? ? 0 0 93 24 34 22 1 9
??2 44 ? ? ? 1 0 187 130 21 8 1 8
??5 459 36.2 6.8 53.6 0 0 93 29 15 10 2 29
??7 745 4.4 0.8 55.3 1 73 54 3 4 3 1 4
??12 1,369 7.2 1.6 44.2 0 37 83 29 13 6 1 7
??14 1,689 3.9 0.7 55.5 0 40 64 9 5 3 2 5
??16 1,883 5.8 1.8 32.8 0 50 71 34 8 5 1 9
??18 2,165 13.5 3.0 44.3 0 60 89 53 8 7 1 17
??20 2,260 9.5 2.9 33.0 1 45 99 25 14 5 1 7
??23 2,784 2.3 0.7 34.1 1 61 63 34 7 5 1 5
??24 2,884 7.0 1.8 38.1 0 55 101 45 11 7 1 10
??25 2,947 10.5 3.2 33.2 1 0 90 33 13 5 2 8




Borderlines set for calculation of Yatsu-properties (Black bold lines) 
 
Table 4? ???????case-A? 












?????? χ2 ??? p?
?1? 1.000 1 612.1 33 0.000
?2? 0.820 133.5 20 0.000
Table 5? ?????case-A? 
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????? Table 8???? 
? case-A?????????????????????


















































Table 6? ?????????????case-B? ??????
?case-C?? 
Canonical correlation coefficients (irrigation period (case-B),
non-irrigation period (case-C)) 
?????? χ2 ??? p?
????? ?1? 1.000 3,804.7 30 0.000
?2? 0.792 116.8 18 0.000
?????? ?1? 1.000 65,535.0 30 0.000
?2? 0.821 134.2 18 0.000
Table 7? ???????????case-B????????case-C??




?1? ?2? ?1? ?2?
??????
?? -0.359 -0.914 -0.533 -0.842
??????
? /10m2? -1.000 0.000 -1.000 0.000
TL5cm?????
??? 0.406 -0.101 0.216 -0.064
??????
????? -0.178 -0.333 -0.585 -0.065
??? ? ? -0.095 -0.532
???? -0.302 -0.601 -0.468 -0.781
??? 0.032 -0.431 -0.069 -0.544
???? -0.038 -0.551 -0.191 -0.531
????? 0.044 -0.178 ? ?
???? -0.694 -0.018 -0.933 0.156
??????? -0.359 -0.149 -0.644 0.028
??? -0.780 0.150 -0.353 -0.056
?? -0.004 -0.516 ? ?
?????? ? ? -0.038 -0.265
??????? 0.075 -0.560 -0.029 -0.413
Table 8? ????????????case-B? ??????
?case-C?? 




?1? ?2? ?1? ?2?
?????? 0.431 0.176 0.443 0.160







  ｂ TWINSPAN と多次元尺度法 
 (1) TWINSPAN 





















??? ?case-B? ?????? ?case-C?? 
Density of loach and Japanese killifish, and density of total of all

















































































































































































































































































?? Table 9 ???????????????????
????????? 1??? 2????????? 3?
??Table 3???G1? G4? n? 2?????????
????????? 3???????????????
??????????????? 2008?SSRI?????? 











? ?? 2 ??????? Table 11 ??????????
G4 ? G5 ?????????????????????






Fig.9? ??????????????????? TWINSPAN??????case-A? ???????????? ???????
??????  














































Table 9? TWINSPAN????????????????????? 
Classifications of canals using the indicator species in TWINSPAN and methods used for comparison 
 
?? ????????????????? ? ? ? ? ? ?
??1
G1???1?2?5?12 ???????????????
Kruskal- Wallis test?Steel-DwassG2???20?23?25 ????????????
G3???7?14?16?18?24?27 G1???G2??




Table 10? ?? 1?????????????? 





???? * 0.084 * 0.553 
???? 0.119 0.155 0.961 0.171 
??? 0.063 0.356 * 0.862 
??????? 0.222 0.753 0.198 0.716 
????????? 0.882 0.932 0.795 0.991
?????? * 0.240 * 0.394 
???????? * 0.070 0.076 0.901
??????? 0.959 0.973 0.961 1.000
??? p??*?p< 0.05?**?p < 0.01?
?
? ?
124 農村工学研究所報告　第 52 号　（2013）
?????????????????????????
??????????????????? 
? ?? 3??????? Table 12??????????
?????????????????????????






































































Table 11? ?? 2?????????????? 













Table 12? ?? 3?????????????? 



































































 ３ 移動調査 
  ａ 対象水路?






? ? St????? Fig. 10????St.1?St.2?????
???????????St?????????????
?????????????????????????
??????????St.1 ?? 80cm ????????









??? 700m?? 950m????Fig. 10?? 







?? 2004? 7? 20?21?????????St.1?? 2005
? 7? 28?迄?St.2?? 2005? 6? 9?迄???? 44
??? 37???????????? 
? ????????????????????????
????????? 4???????? 1???? 5?
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  ｄ 観察値のカテゴリー分け 































Table 13? ???????? 




?? ?? ?? ????
St.1 100 35 80 59 8 
St.2 140 40 60 60 8 
Table 14? ????????????????? 
Number of marked individuals each recaptured times  
 
???? St.1 St.2 ?
1 34 33 67
2 5 17 22
3 2 5 7
4 0 2 2

















































 ４ 移動のモデル化 
  ａ 正規分布のあてはめ?
? ????????????Solomon and Templeton


























































?? 100??? ?????3?100??? ????
???????? 
Distance and Elapsed days between second time recapture and first 
time recapture of following categories: less than 20 days, 20 days 
or more and less than 100 days, and 100 days or more. Error bars 




















Table 15? ?????2??????????? 
Observation records which correspond to category 2 
 
???? ?????m? ?????d?
1 -190 21 
2 -172 27 
3 -196 28 
4 396 29 
5 0 33 
6 0 35 
7 23 54 
8 -54 56 
9 59 61 
10 0 61 
11 93 90 





Table 16? ?????3??????????? 
Observation records which correspond to category 3 
 
???? ?????m? ?????d?
1 -133 141 
2 212 230 
3 -141 237 
4 -188 244 
5 0 244 









































  ｂ 正規乱数の導入?
? ?????????????????????????
???????????? 2 ?????? r1?r2???
?0?1??????(5)?(6)????? μ????? σ ?
??????? 2 ???? z1?z2???????????
???????????? 1984??? 1992?? 
? μrπ2cosrlog2σz 211 += ?  (5) 
? μrπ2sinrlog2σz 212 += ?  (6) 
? ?????1??????????????? μ? 0m?
































Observed number of individuals of category 2 and calculated 










































































































 ５ 結果及び考察 
  ａ 1,000 回の試行で得られた最小誤差 
?????????2??????????????
Table 17????Table 17?b??????? 2?????
??????????????? 
????????????????????????
???????? 0 ???????0.25:0.75?? 1 ??



























? σ??? σ’???????????? 
? ??????????? 4 ????Table 19????


























??????????? Oncorhynchus masou rhodurus?
????? Nakano et al.?1990????????????
?????????????????????????
??????????? Salvelinus leucomaenis????
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 Table 17? ????1,000?????????? ???????????????????
Minimum error for observed among 1,000 repetition calculations in each case 
 
??????????????????m?






















75 8 4 4
100 4 2 2 2
125 2 2 2 2 2
150 2 2 2 2 2 2
175 2 2 2 2 2 2 2
200 4 2 2 2 2 2 0 2
225 4 4 2 2 2 2 2 2 2
250 2 2 2 2 2 4 2 4 4 4
275 4 2 2 2 2 2 4 2 2 4 2
300 4 2 2 2 2 2 4 4 4 2 4 4
325 4 2 4 2 2 4 4 4 4 4 4 4 6
350 2 2 2 4 2 4 4 2 4 4 4 6 6 6
375 2 4 2 2 2 2 4 0 4 6 4 4 4 6 6
400 6 4 2 2 4 4 2 4 4 8 4 4 6 6 8 6
425 4 4 2 2 2 2 2 4 4 4 6 6 6 6 8 4 8
450 6 4 4 4 4 4 2 4 4 2 4 4 6 6 4 6 4 6
475 4 4 4 4 4 4 4 4 4 4 6 6 4 4 6 6 8 8 6
500 4 4 4 2 4 4 4 4 6 4 8 6 6 6 6 6 10 6 6 8
(b)????=0.50:0.50??????????2????????????????????
??????????????????m?






















100 2 2 2
125 2 2 2 2
150 2 2 2 2 2
175 2 2 2 2 2 2
200 2 2 2 2 2 2 2
225 2 2 2 2 2 4 2 2
250 2 2 4 2 4 2 2 4 2
275 2 2 2 2 4 4 2 4 4 4
300 2 4 4 2 2 2 4 4 2 4 4
325 2 2 2 4 4 4 4 4 4 2 4 4
350 4 4 4 4 4 2 2 4 4 6 4 4 4
375 4 2 2 4 2 4 4 4 2 6 6 8 6 6
400 2 0 2 4 4 6 6 8 4 6 4 8 4 4 6
425 4 2 4 4 4 6 6 2 6 4 6 8 6 6 6 8
450 6 4 4 4 4 2 6 6 8 4 8 8 6 8 6 8 8
475 6 4 4 6 4 4 6 6 10 8 8 6 8 6 8 4 8 10
500 4 4 6 8 6 4 4 6 6 6 10 8 8 8 6 6 10 6 8
(a)????=0.25:0.75
??????????????????m?






















100 6 4 4
125 8 2 2 2
150 8 4 2 2 2
175 6 2 2 2 2 2
200 6 2 2 2 2 2 2
225 4 2 2 2 2 2 0 2
250 8 2 2 2 2 2 2 2 2
275 6 4 2 2 2 2 0 2 4 2
300 6 4 4 2 2 0 2 4 2 4 6
325 10 2 4 2 2 2 2 4 4 6 4 2
350 8 4 4 2 2 2 2 2 4 2 4 4 6
375 6 4 4 2 2 2 4 4 2 4 4 4 4 8
400 8 4 2 2 2 2 2 4 2 2 4 6 8 4 6
425 8 4 4 2 2 4 2 4 4 4 6 6 4 4 4 8
450 4 2 2 2 2 2 2 4 4 4 4 6 4 8 6 8 6
475 6 4 4 2 2 2 2 4 2 4 4 6 6 4 4 6 8 6











































Table 18? ??????????????? ???????
??????????? 
Average and standard deviation of minimum errors of all cases in 
each setting of existence rate, and number of cases in which 
minimum error is zero 
 
???????????????????
1.00：0.00 0.25：0.75 0.50：0.50 0.75：0.25
N?????? 20 190 190 190 
??????? 6.10 4.28 3.74 3.83 
???? 6.83 2.20 1.92 2.50 
???????
????? 0 1 2 4 
Table 19? ?????????????????????? 
Combinations of existence rate and standard deviations of sedentary 
type and ambulant type, in which a calculation indicated the error 

































Fig.15 ?????????????????0.75?0.25 σ 
=150(m) σ’=325(m) ????????? ?????
???
Calculated values when the existence rate of 2 types, sedentary 
type and ambulant type, is set as 0.75 to 0.25, σ is set as 150m and 





























































Calculated values when 4 unit times elapse. In this case, the 
existence rate of 2 types, sedentary type and ambulant type, σ?is 
set as 0.75 to 0.25, σ is set as 150m and σ’ is set as 325m. And 











































































 ２ 自然増加率 r?





















? rt=r0(1-Nt /K)? (8) 
? Nt+1=[1+r0(1-Nt /K)]Nt? (9) 
? Nt=N0ert (10) 
 ????r0?????????K ???????N0?
???????e??????????? 












????????????Mackenzie et al., 2001????
????????? K?carrying capacity????? 
? ????????????????????????
?????????????????????????
























??Hilborn and Walters, 1992?????????????
??????????? r0?????????????





























? rt?????????????? rt? r0??????
?????????????????????????
????????? r ???????????????





 (1) 指数回帰式 







?? w (g)??????(13)??????? 
? r = 70.88?W -0.27 (11) 
? r   9.13?w
? -0.26 (12) 
? w
?










 (2) コホート生命表 
? ????????????????????????
?????????????????????????
??????Table 20 ?????????????? r







??? 0?????? 1??????? 2???????
???????????? 2 ???????????
??? 1969????????????????????
? 0?2???????? i?0?2??????? j ??
??? Ni,j ????????????????????
???????????Begon et al. 2003???????
?????????????????????????
?????(14)??(15)???????????(16)??
? lj??? j???迄???????????????? 
? Ni,0 : Ni,1 : Ni,2 = Constant (14) 
? ? (15) 
? lj = Ni,j / Ni-j,0  ?i?j? (16) 








? r?Begon et al. 2003?????????? 
?  (17) 
? ? (18) 






 (3) 現地調査と年齢組成の推定 
? ??????????????? 2????????
??????????????? 40?120cm??????
???????????? 2 ??????Fig. 1 ???
25?Fig. 10? St.2?????????????? 600m
????????????SMITH-ROOT ?? 12B ??
??????? 40cm??? 2mm??????????
??????Fig. 17????? 2008? 9? 9?11???
? 2009? 4? 7?8?? 2???????????? 1??
 2 101 j jj,i,i mNN
 2 1 0j jjc RmljT
cTRr 0ln
 2 10 j jj mlR
Table 20? ??????????????? N0,0=22,000 ?
? 2 case-A???? 
An example of cohort life table obtained by calculations (The 
example obtained under following conditions. N0,0=22,000 on 
survey-2 of case-A)  
j Nj lj mj lj?mj j?lj?mj 
0 22,000 1.0000 0 0.0000 0.0000 
1 64 0.0029 150 0.4364 0.4364 
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??? 2????? 1 ????????????????
?????????? 2??????????????
????????????????????? 




















 (4) シミュレーション 
  (ⅰ) 生残率の変動 
? ?????? lj?mj???????????????





















? Lj=Nt,j / Nt-1,j-1 (20) 
? ???????????????? L1???????
??????????2004?????????????
???????????? 1g ??????? 1.7%??

























? Lj=Lj min + X ??Lj max - Lj min?? (21) 
 
Fig.17? ??????????????? 




Calculation procedure for fluctuation of population 
i 0  1  2 ??? 20 
Ni,0 N0,0  N1,0  N2,0 ??? N20,0
Ni,1 N0,1  N1,1  N2,1 ??? N20,1
Ni,2 N0,2  N1,2  N2,2 ??? N20,2
? ? ?Lj??? ????????  




? ????X?????????0?1???Lj min? Lj??
???????????Lj max??????j=1????
10?L1 min?j=2????3?L2 min????? 











? Ni,1=L1?Ni-1,0 + Nim ???i?1? (22) 
? ????Nim????????N0,1=Nim???? 







? transitional_r =ln )( ∑∑ 2 1= 0
2
1= iNN j j,j j,i  (23)?
 ｄ 結果および考察 
? ? (ⅰ) 指数回帰式 
Fenchel?1974??Pauly?1984?????????(11)?(12)?
? 1?30(g)??????????????? r ???
27.93?70.87?3.77?9.13 ????Fig. 19???????
er???? 1??????? 43.38??????????
???2 ??????? 2 ?????????????
?????????????????????????
????????(13)? Wmax??? Wm???????


















? ? (ⅱ) 安定齢構成の仮定による計算条件の検討 




















??? N0,0?1,000?35,000 ???? 1,000 ??????
???????????Table 20?????????l1?
l2??? r???????(16)?(19)?Fig. 22?Fig. 23??
???????? N0,0???? 1?? l1??? l2???
? 2 ?? r ??????????N0,0????????
?? r????????case-A? case-B???????
r??????????????case????????
? case-A ?? l1 > l2???? N0,0??????????
????? 1??? 2????N0,0 > 21,000?N0,0 > 20,000
?????????????????????????
???????????????????r?0????
??????N0,0 < 32,000?N0,0 < 24,000?????? 2
 
Fig.19? ???????? r????  



































Total length frequency data and initial conditions to analyze total 










































Age-2(0.40, 55, 10) 
Age-3(0.05, 80, 10) 
Age-allSurvey-1
Survey-2 Age-1(0.70, 55, 9)
Age-2(0.30, 70, 14) 























































Age-2(0.39, 62, 14) 
Age-1(0.53, 52, 8)
Age-2(0.47, 65, 11) 











Fig.22? ??????????? l1 l2 r????case-A?














15000 20000 25000 30000 35000



























, 00 ,000 ,00 ,00 ,00
 
Fig.23? ??????????? l1 l2 r????case-B?













































Assumed number of hatched eggs (N0,0)
Table 21? ????????????? L1 L2??? 2? 
L1, L2 under supposition of stable age structure (Survey-2) 
? case-A case-B 
? Min Max Min Max 
N0,0 20,000 24,000 2,000 24,000 
L1? 0.0025 0.0036 0.0043 0.6270 
L2? 0.7966 0.9296 0.0136 0.2305 









??????????????????? L1 ? case-A
??? L2? case-B??????Table 21???????
?????????????????????????
????Lj min??(21)???????
? ? (ⅲ) シミュレーション 
???????Microsoft Excel??????????
?????????????????255???? Fig. 24



























? Fig. 24??????? 1,000???????????
?? 1,000 ????????????????????
?????case-1 ?? 1,000 ????????? 8?20
???case-2??4?14???????????????
??? case???????1,000???????????






















 2 1j ji,N
 
Fig.24? ???????????????? ??????? 































Calculated values of transitional_r by equation (23), based on


































????? r ????????? SD ????Fig. 25?
????????????????? 
 
 ３ 環境収容力 K 














 ４ ネットワークモデル 












? Ni,t+1= [1+ri,t (1-Ni,t / K)] Ni,t (24) 







????????????? 0m????? 150m ???

























  ｃ 合流水路の表現 
 ??????????????????????? 3
???????????????????? i ? i+1 ?















Method to determine if movement of an individual over a boundary 


























??? 50??? 1????????????1??? 7
?????????????????????????


























































































Table 22? ???? i ?????? 
List of attributes of mesh-i 
























































???????????????Fig. 28??? C??? 
? ???? 1,000 ?????????????????
?????????????????????????


























  ｆ シミュレーションケース 
? 1 ???????????????????????
?? 1 ?????????????????????
?Fig. 31???? 3km????????? 100m????
? 01?30?????????????????????



































































































?? Table 23?1????????? 
? ????????????????????????





  ｇ 結果および考察 




























? (2) 改善後 
























Table 23? ??????????????? 
Name and attributes of each simulation case  
 
u120??????1?









2? 0.00 101 102 103 104 105 0.25 106 107 108 109 110 
0.50 111 112 113 114 115 
0.75 116 117 118 119 120 
1.00 121 122 123 124 125 
?1?????????????1km?????
u120??????1?









2? 0.00 001 002 003 004 005 0.25 006 007 008 009 010 
0.50 011 012 013 014 015 
0.75 016 017 018 019 020 
1.00 021 022 023 024 025 
?2?????????????0.5km?????
u120??????1?









2? 0.00 201 202 203 204 205 0.25 206 207 208 209 210 
0.50 211 212 213 214 215 
0.75 216 217 218 219 220 







Fig.32? ??? 101???????? 10???? 























Average numbers of individuals of each mesh element the end of a 30
year simulation (Error bars indicate standard deviations. Italic
numbers indicate coefficients of variation) 
???








































































































































Average numbers of total individuals in mesh-01- 20 the end of a 30 
years simulation (Error bars indicate standard deviations) 





Fig.35? ??? 113??????????????? 
































































? ?????? 1?u120????? 2?u210??????
?????????????????????????
?? 108? 112???? 109? 117???? 114? 118?




















Table 24? ?????????????? 100 ??????
??? 30?????????1,000????? 
Average numbers of individuals the end of a 30 years simulation
These values indicate ratios(%) to the average number of individuals
of simulation-case101,001 or 201 after a 30 year simulation 
 
u120??????1?









2? 0.00 100 156 168 174 1750.25 157 213 222 229 230
0.50 166 221 235 238 240
0.75 171 226 236 243 244
1.00 174 230 240 245 246
?1? ???101?125
u120??????1?









2? 0.00 100 155 165 171 1710.25 149 205 216 221 222
0.50 159 213 224 230 231
0.75 163 217 228 234 235
1.00 166 219 231 236 237
?2? ???001?025
u120??????1?









2? 0.00 100 154 171 179 1800.25 162 213 228 236 239
0.50 172 224 238 247 249
0.75 176 227 243 250 252
1.00 179 228 246 253 254
?3?????201?225
 
Fig.37? ????????????????????????????????? 2??????????? ??? 102?125)



























Table 25? ??????????????? 
Result of multiple regression analysis using forward selection method
 
?? ????? ??????? t? p? ???
u120 659.757 0.604 7.884 0.00 ** 0.555
u2?? 589.437 0.540 7.044 0.00 ** 0.485
































  ａ 検討方法 

















Table 26? 10?????????????Table 24??????
Numbers of trials in which the total number of all meshes in 10 years
later was more than 2 times of that in the initial condition (All cases
of Table 24) 
 
u120??????1?

















2? 0.00 ? 0 0 0 00.25 0 0 0 13 63
0.50 0 0 158 1 256 1 951
0.75 0 0 552 2 432 2 858
1.00 0 3 1 123 2 787 2 978
Table 27? ??????????????????? 
List of simulation-cases for sensitivity analysis 
???? ????? K r ?ave? r ?sd? a??????????? sd??????? sd??????? ? ?
00 20 170 0.36 0.21 0.25 150 325 ??
01 10 170 0.36 0.21 0.25 150 325
02 15 170 0.36 0.21 0.25 150 325
03 30 170 0.36 0.21 0.25 150 325
04 40 170 0.36 0.21 0.25 150 325
05 20 85 0.36 0.21 0.25 150 325
06 20 127 0.36 0.21 0.25 150 325
07 20 254 0.36 0.21 0.25 150 325
08 20 339 0.36 0.21 0.25 150 325
09 20 170 0.18 0.21 0.25 150 325
10 20 170 0.27 0.21 0.25 150 325
11 20 170 0.54 0.21 0.25 150 325
12 20 170 0.72 0.21 0.25 150 325
13 20 170 0.36 0.11 0.25 150 325
14 20 170 0.36 0.16 0.25 150 325
15 20 170 0.36 0.32 0.25 150 325
16 20 170 0.36 0.42 0.25 150 325
17 20 170 0.36 0.21 0.13 150 325
18 20 170 0.36 0.21 0.19 150 325
19 20 170 0.36 0.21 0.38 150 325
20 20 170 0.36 0.21 0.50 150 325
21 20 170 0.36 0.21 0.25 75 325
22 20 170 0.36 0.21 0.25 113 325
23 20 170 0.36 0.21 0.25 225 325
24 20 170 0.36 0.21 0.25 300 325
25 20 170 0.36 0.21 0.25 150 163
26 20 170 0.36 0.21 0.25 150 244
27 20 170 0.36 0.21 0.25 150 488
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??????? 2008?SSRI?????? 















Table 28? ??????????????? 
Result of multiple regression analysis using forward selection method 
  
? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ???????
? ? ????? ??????? t? p? ???
????? 155.462 0.891 47.357 0.00 ** 0.887 
K 7.721 0.374 19.892 0.00 ** 0.364 
r?ave? 1 906.124 0.197 10.452 0.00 ** 0.184 
a??????????? -687.722 -0.049 -2.613 0.02 ** -0.066 
sd??????? -2.712 -0.116 -6.193 0.00 ** -0.133 
sd??????? -1.062 -0.099 -5.256 0.00 ** -0.115 




? ? ????? ??????? t? p? ???
????? 170.067 0.824 60.639 0.00 ** 0.819 
K 12.679 0.520 38.236 0.00 ** 0.511 
r?ave? 1 794.316 0.156 11.516 0.00 ** 0.143 
a??????????? -833.326 -0.050 -3.706 0.00 ** -0.067 
sd??????? -3.326 -0.121 -8.888 0.00 ** -0.138 
sd??????? -1.343 -0.106 -7.781 0.00 ** -0.122 




? ? ????? ??????? t? p? ???
????? 172.724 0.799 57.933 0.00 ** 0.794 
K 14.354 0.562 40.719 0.00 ** 0.553 
r?ave? 1 710.047 0.142 10.324 0.00 ** 0.129 
a??????????? -844.704 -0.049 -3.534 0.00 ** -0.066 
sd??????? -3.441 -0.119 -8.652 0.00 ** -0.136 
sd??????? -1.388 -0.104 -7.565 0.00 ** -0.121 




? ? ????? ??????? t? p? ???
????? 173.420 0.793 56.584 0.00 ** 0.788 
K 14.778 0.572 40.780 0.00 ** 0.563 
r?ave? 1 677.879 0.138 9.854 0.00 ** 0.125 
a??????????? -840.890 -0.048 -3.422 0.00 ** -0.065 
sd??????? -3.458 -0.119 -8.458 0.00 ** -0.135 
sd??????? -1.391 -0.103 -7.372 0.00 ** -0.120 













































Table 28? ???? 
(Continued) 
  
? ? ????? ??????? t? p? ???
????? 173.711 0.792 56.200 0.00 ** 0.787 
K 14.872 0.574 40.694 0.00 ** 0.565 
r?ave? 1 664.389 0.137 9.692 0.00 ** 0.123 
a??????????? -836.415 -0.048 -3.375 0.00 ** -0.065 
sd??????? -3.460 -0.118 -8.391 0.00 ** -0.135 
sd??????? -1.391 -0.103 -7.313 0.00 ** -0.120 




? ? ????? ??????? t? p? ???
????? 173.847 0.792 56.038 0.00 ** 0.787 
K 14.895 0.574 40.607 0.00 ** 0.566 
r?ave? 1 659.056 0.136 9.626 0.00 ** 0.122 
a??????????? -834.201 -0.047 -3.354 0.00 ** -0.064 
sd??????? -3.458 -0.118 -8.356 0.00 ** -0.135 
sd??????? -1.390 -0.103 -7.281 0.00 ** -0.120 




Table 29? ?????????????????????? 
Result of multiple regression analysis using forward selection method (“Time” is included)  
 
? ? ????? ??????? t? p? ???
?????? 7.549 0.066 6.175 0.00 ** 0.066 
????? 169.872 0.807 75.046 0.00 ** 0.802 
K 13.216 0.531 49.382 0.00 ** 0.523 
r?ave? 1 735.302 0.148 13.799 0.00 ** 0.135 
a??????????? -812.876 -0.048 -4.479 0.00 ** -0.065 
sd??????? -3.309 -0.118 -10.959 0.00 ** -0.135 
sd??????? -1.328 -0.102 -9.529 0.00 ** -0.119 
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Ⅴ 結 言 
 





VORTEX ? PVA ?????????????????
?? 1? Lord Howe Island woodhen Tricholimnas sylvestris 





?Frankham et al., 2007??VORTEX?Lacy et al., 2005??
?????????????????????????
??Seal et al., 1998?????????????????
?????????????????????????
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ページ 訂正箇所 誤 正
134 左側、下から 5行 ･･･参考に、Wまたは wを 1～ 30(g)の･･･ wに ⎯ を付ける。
目、2文字目。 ･･･参考に、Wまたは wを 1～ 30(g)の･･･
136 右側、下から 13 ･･･を仮定して(式(14)、(15)、任意の･･ 閉じ括弧を挿入。
行目。 ･･･を仮定して(式(14)、(15))、任意の･･･
